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Abstract
Objectives
To evaluate the effect of storing commonly used rapid diagnostic tests above manufacturer-
recommended temperature (at 37°C), and the accuracy of delayed reading of oral fluid kits
with relevance to HIV self-testing programmes.
Design
A quality assurance study of OraQuick (OraSure), Determine HIV 1/2™ (Alere) and Uni-
Gold™ (Recombigen1).
Methods
Consecutive adults (18y) attending Ndirande Health Centre in urban Blantyre, Malawi in
January to April 2012 underwent HIV testing with two of each of the three rapid diagnostic
test kits stored for 28 days at either 18°C (optimally-stored) or at 37°C (pre-incubated).
Used OraQuick test kits were stored in a laboratory for delayed day 1 and subsequent
monthly re-reading was undertaken for one year.
Results
Of 378 individuals who underwent parallel testing, 5 (1.3%) were dropped from the final
analysis due to discordant or missing reference standard results (optimally-stored Deter-
mine and Uni-Gold). Compared to the diagnostic reference standard, OraQuick had a sensi-
tivity of 97.2% (95% CI: 93.6–99.6). There were 7 false negative results among all test kits
stored at 37°C and three false negatives among optimally stored kits. Excellent agreement
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between pre-incubated tests and optimally-stored tests with Kappa values of 1.00 for Deter-
mine and Uni-Gold; and 0.97 (95% CI: 0.95; 1.00) for OraQuick were observed. There was
high visual stability on re-reading of OraQuick, with only 1/375 pre-incubated and 1/371 opti-
mally-stored OraQuick kits changing from the initial result over 12 months.
Conclusion
Erroneous results observed during HIV testing in low income settings are likely to be due to
factors other than suboptimal storage conditions. Re-reading returned OraQuick kits may
offer a convenient and accurate quality assurance approach, including in HIV self-testing
programmes.
Introduction
Globally, an estimated 45% of people living with HIV are aware of their HIV status[1], far
below the 90% target set out recently by WHO and UNAIDS[1]. The greatest numbers of peo-
ple living with undiagnosed HIV are in sub-Saharan Africa [1], where fragile health and labora-
tory systems have hindered efforts to scale up HIV testing coverage [2]. In low-income, high
HIV burden countries with limited technological infrastructure, rapid diagnostic tests (RDTs)
are widely used in diagnostic algorithms [1].
RDT accuracy may be undermined by poor operator practice [3, 4], and by storage at ambi-
ent temperatures above manufacturer guidelines [5]. Poor accuracy of RDTs and subsequent
misclassification can result in a) if falsely diagnosed HIV-positive, unnecessary worry and initi-
ation on antiretroviral therapy; or b) if falsely diagnosed HIV-negative, missed opportunities
for linkage to HIV care and prevention services[6, 7].
The scale-up of HIV self-testing (HIVST) using oral fluid testing will pose additional chal-
lenges to maintaining accuracy in HIV testing programmes. Self-testing is defined by an indi-
vidual performing and interpreting their own HIV test result [8]. Oral fluid RDTs intended for
self-testing may be stored in uncontrolled settings (e.g. people’s houses) for prolonged periods
before use and are less amenable to formal quality assurance (QA) programmes [9]. We there-
fore set out to evaluate two aspects of RDT kit stability: the effect of prolonged field exposure
to high temperature on the accuracy of whole blood and oral fluid RDTs; and the stability of
oral RDT results with delayed visual re-reading.
Methods
Study design and participants
A quality assurance study of three HIV RDTs (OraQuick: OraSure Technologies, USA; Deter-
mine 1/2™: Alere, Waltham, USA; and Uni-Gold™: Recombigen1HIV, Trinity Biotech, Bray,
Ireland) was conducted at Ndirande Health Centre in Blantyre, Malawi. Participants were
recruited between 14th January and 5th March 2012 and visual re-reading of OraQuick kits con-
tinued until 30th April 2013. Participants were recruited from both HIV testing and counselling
(HTC) and antiretroviral treatment (ART) clinics. All consecutive adults (18 years) present-
ing for HIV testing or ART care during the study period were invited to participate regardless
of previous history of HIV testing.
Extended Quality Assurance of HIV Rapid Diagnostic Tests
PLOS ONE | DOI:10.1371/journal.pone.0158107 June 23, 2016 2 / 8
Definitions
Three HIV rapid diagnostic tests were evaluated in this study: OraQuick ADVANCE HIV I/II™
(OraSure Technologies, Bethlehem, USA; assembled in Thailand), Determine 1/2™ (Alere,
Waltham, USA) and Uni-Gold™ Recombigen1HIV, Trinity Biotech, Bray, Ireland).
Optimally-stored index tests. Intact packages of rapid diagnostic tests stored on-site in a
laboratory storage facility at a temperature of 18°C as recommended by the manufacturer (2–
27°C, 2–27°C and 2–30°C for OraQuick, Uni-Gold and Determine, respectively).
Pre-incubated index tests. Intact packages of rapid diagnostic tests pre-incubated for 28
days at 37°C in an incubator in a laboratory to mimic higher than manufacturer-specified
conditions.
Index tests and reference standard
Individuals who gave written or witnessed (thumb print) consent underwent HIV testing with
six RDTs: two each of OraQuick, Determine 1/2™ and Uni-Gold™. Pairs of RDTs had been
either optimally-stored or pre-incubated prior to use. One study nurse who had been trained in
the use of RDTs performed each test in parallel on the same participant using a venous blood
sample (Determine and Uni-Gold) and oral fluid (OraQuick).
The reference standard for HIV diagnosis comprised of a parallel HIV testing algorithm
consisting of two simultaneous HIV RDTs used in the Malawi National algorithm (Determine
and Uni-Gold™). Both RDTs included in the reference standard were required to return similar
results or a repeat of all optimally-stored tests was undertaken to resolve discordance.
Procedures
A study nurse sampled blood using venipuncture for use with blood RDTs and asked the par-
ticipant to perform an oral swab for use with OraQuick. The nurse read all six test kits at the
recommended time-points and gave results to the participant based on the reference standard.
Results were recorded as reactive or non-reactive, with a repeat in case of an invalid result.
Weakly reactive bands were recorded as positive. All blood RDTs and any remaining blood
samples collected were disposed of by the nurse at the study recruitment site.
Oral test kits (OraQuick), both optimally stored and pre-incubated at high temperatures,
were transported to a research laboratory for subsequent re-reading in order to assess visual
stability. The oral test kits were read upon arrival by a laboratory technician blinded to the orig-
inal results from the nurse. Test kits were then re-read at one week, two weeks, one month, 3
months, 6 months and 12 months to assess visual stability, with the reader blinded to previous
read results.
Ethical considerations
Ethical approval was obtained from the University of Malawi, College of Medicine Research
and Ethics Committee (COMREC) under ethical approval number: P.03/12/1186. All partici-
pants gave written or witnessed (thumb print) consent.
Statistical methods and sample size considerations
Stata version 13.0 (Stata Corp, Texas, USA) was used for data analysis. Estimates of sensitivity
and specificity with 95% confidence intervals (CI) for each index test and storage/read condi-
tion were computed by comparing pre-incubated kits and optimally stored OraQuick kits
against the reference diagnostic algorithm comprising of Determine and Uni-Gold in parallel.
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Further analysis of reliability was conducted by computing a Kappa statistic by comparing pre-
incubated and optimally-stored RDTs.
A total of 200 HIV positive and 200 HIV negative participants provided precision of +/- 2%
around our assumed estimate of sensitivity of 98% (95% binomial exact CI: 94%-99%) and
specificity of 99% for each RDT comparison with the reference standard.
Results
Characteristics of study participants
Of 404 individuals screened for eligibility, a total of 378 (93.6%) were recruited into the study
(Fig 1). Median age was 31 years (IQR 25–40), and 198 (52.4%) participants were male. The
majority (242, 64.0%) of participants had previously tested for HIV, with comparable propor-
tions of prior testing among men (121/238, 50.8%) and women (117/238, 49.2%; p = 0.096). A
total of 108 (28.6%) HIV-positive individuals were already on ART.
Sensitivity and specificity of index tests
Results from 5/378 (1.3%) participants were excluded from the computation of sensitivity and
specificity (3 excluded were due to discordant results between Determine and Uni-Gold and 2
due to missing result from 1 reference standard test). All RDTs had a sensitivity> 98.0%
Fig 1. Flow of participant recruitment and HIV testing.
doi:10.1371/journal.pone.0158107.g001
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except pre-incubated OraQuick with sensitivity 97.2% (95% CI: 93.6–99.6) Table 1. Specificity
was higher than 99.5% for all RDTs. There were seven false negative results in total across all
the pre-incubated RDTs compared with three false negatives when RDTs were optimally
stored.
Reliability of pre-incubated RDTs
There was excellent agreement between pre-incubated and optimally-stored RDTs with Kappa
of 1.00 for Determine and Uni-Gold (Table 2). Similar results were observed for pre-incubated
OraQuick, with Kappa of 0.97 (95% CI: 0.95; 1.00).
Visual stability of OraQuick RDT over12 months
In total, 375/378 pre-incubated OraQuick and 371/378 optimally-stored OraQuick RDTs were
re-read over a period of 12 months to assess the stability of visual reads. There was very high
reproducibility of results, with only 1/375 pre-incubated and 1/371 optimally-stored OraQuick
kits changing from the initial result. Both kits were initially read as positive and had at least
one subsequent positive read following the false negative read, which was recorded within a
month of testing.
Discussion
The main findings of this study were that the contribution of suboptimal storage to misclassifi-
cation of HIV results is likely to be relatively minor, and that re-reading of used oral fluid tests
(OFT) may be a feasible and valid option for implementing quality assurance (QA) of Ora-
Quick test kits as these are scaled up for use by less qualified personnel, including during HIV
self-testing [9].
Pre-incubating HIV RDTs at 37°C for 28 days did not substantially affect their diagnostic
accuracy, and, in all but two cases (both known to be taking ART), initial visual read results on
OraQuick test kits were stable over the one-year follow up period in this study. The results
Table 1. Sensitivity and specificity compared to a reference standard (parallel testing).
RDT Kit TP/FN Sensitivity (95% CI) TN/FP Speciﬁcity (95% CI)
OraQuick Pre-incubated 175/5 97.2 (93.6–99.6) 190/0 100 (98.1–100)
Determine Pre-incubated 180/1 99.4 (97.1–100) 189/1 99.5 (97.1–100)
Uni-Gold Pre-incubated 180/1 99.4 (97.0–100) 189/0 100 (98.1–100)
OraQuick Optimally-stored 174/3 98.3 (95.2–99.7) 186/1 99.5 (97.1–100)
RDT: rapid diagnostic test
CI: conﬁdence interval; TP: true positive; FN: false negative; TN: true negative; FP: false positive
doi:10.1371/journal.pone.0158107.t001
Table 2. Reliability comparison of optimally stored and pre-incubated tests.
RDT Kit Both positive Both negative Positive: negative Negative: positive Kappa (95% CI)
Determine 185 191 0 0 1.00 (1.00; 1.00)
Uni-Gold 184 191 0 0 1.00 (1.00; 1.00)
OraQuick 176 187 4 1 0.97 (0.95; 1.00)
RDT: rapid diagnostic test
CI: conﬁdence interval
doi:10.1371/journal.pone.0158107.t002
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from our study demonstrate the stability of OraQuick, Determine and Uni-Gold when pre-
incubated at 37°C for 28 days, which is an important consideration in resource poor settings
where poor storage conditions are common [5].
The scale up of HTC in Africa was not initially accompanied by systematic QA or retrain-
ing, but the need to build systematic proficiency testing into routine HIV testing programmes
has become strikingly apparent with reports of poor operator practice and high rates of mis-
classification in many African national programmes [10, 11]. Lessons from this experience
need to be applied to HIVST and other types of highly decentralised community-based HIV
testing services.
Our results, showing robustness of the kits to poor storage and late read, are consistent with
current understanding that identifies poor operator practice as the major determinant of mis-
classification [10, 11], in part reflecting “task-shifting” of HTC to cadres such as lay counsel-
lors. The introduction of very simple oral fluid test kits will enable further task-shifting
including as part of HIV self-testing (HIVST) [9]. Systems for providing external QA for oral
fluid tests and HVST are not yet well established. These data provide reassurance that countries
currently revising QA systems to accommodate oral fluid tests and HIVST could consider
including systems based on visual re-reading. While outside of manufacturer’s recommenda-
tions, our results suggest that for OraQuick at least, this provides a simple and practical
approach to monitoring operator-dependant misclassifications if used kits can be retrieved
along with the users’ interpretation of results. In this context, we have previously reported a
high willingness to return HIVST kits to the distributor, together with a self-completed ques-
tionnaire that includes results interpretation [9].
More work is needed to develop fully comprehensive external quality assurance (EQA) sys-
tems for oral fluid RDTs. False-positive results have been described for OFTs, particularly in
the context of pregnancy and concomitant infections [12, 13]. With respect to sensitivity, sub-
sets where oral-based RDTs should be used with caution because of reports of lower than
expected sensitivity [14] are patients at high risk of acute HIV infection [15] and those estab-
lished on ART. In this study, we report one potential false-positive from 369 optimally and 375
sub-optimally stored OFT kits, and a suggestion that poor storage conditions may reduce sensi-
tivity but with no obvious effects on specificity. We also report two participants already on
ART who had an observed change in the result of their oral test kits when re-read over time.
Otherwise, there was minimal change in the interpretation of used OraQuick RDT results
when read up to one year after testing in this relatively small sample.
The implementation of a multistep approach to HIV testing has been recommended [1],
and it will be vital to have rigorous QA mechanisms in place in an effort to reduce error
amongst testers in both home-based and laboratory settings. Re-evaluation of used test kits
could contribute to internal and external quality assurance programs [1, 16].
There were three notable limitations in this study. First of all, our reference standard was
not carried out separately from the index test rendering blinding of index tests impossible. Sec-
ondly, we did not exclude patients already on ART, despite the known issues of low sensitivity
of RDTs in this important subgroup. Lastly, we did not measure the impact of humidity a long
with temperature in this study.
In summary, this study has shown that prolonged exposure of RDTs to temperatures above
manufacturer’s recommendation did not substantially affect the sensitivity and specificity of
commonly used RDTs including OraQuick OFT. Furthermore, visual interpretation of Ora-
Quick results was highly stable for 12 months after testing, supporting the use of re-reading of
used test kits as part of programmatic quality assurance.
Extended Quality Assurance of HIV Rapid Diagnostic Tests
PLOS ONE | DOI:10.1371/journal.pone.0158107 June 23, 2016 6 / 8
Acknowledgments
Staff at Ndirande Health Centre, HitTBhard project nurses who performed the study proce-
dures including late Fellie Guba. Mr Frank Chikapa who performed second reading of the used
OraQuick test kits and study participants.
Author Contributions
Conceived and designed the experiments: ATC PM ELC. Performed the experiments: ATC
KC. Analyzed the data: ATC PM ELC. Contributed reagents/materials/analysis tools: ELC.
Wrote the paper: ATC MT PM DCMK DT RSS MKK KC OM SDM EW ELC.
References
1. World Health Organization. Consolidated Guidelines on HIV testing services. 5Cs: Consent, Confidenti-
ality, Counselling, Correct Results and Connection. Geneva, Switzerland: WHO, 2015.
2. Staveteig S, Wang S, Head SK, Bradley SEK, Nybro E. Demographic Patterns of HIV Testing Uptake
in Sub-Saharan Africa. DHS Comparative Reports No. 30. Calverton, Maryland, USA: ICF Interna-
tional: 2013.
3. Wesolowski LG, MacKellar DA, Facente SN, Dowling T, Ethridge SF, Zhu JH, et al. Post-marketing sur-
veillance of OraQuick whole blood and oral fluid rapid HIV testing. AIDS. 2006; 20(12):1661–6. doi: 10.
1097/01.aids.0000238413.13442.ed PMID: 16868448.
4. Shanks L, Klarkowski D, O'Brien DP. False positive HIV diagnoses in resource limited settings: opera-
tional lessons learned for HIV programmes. PLoS One. 2013; 8(3):e59906. doi: 10.1371/journal.pone.
0059906 PMID: 23527284; PubMed Central PMCID: PMCPMC3603939.
5. Crucitti T, Taylor D, Beelaert G, Fransen K, Van Damme L. Performance of a rapid and simple HIV test-
ing algorithm in a multicenter phase III microbicide clinical trial. Clin Vaccine Immunol. 2011; 18
(9):1480–5. doi: 10.1128/CVI.05069-11 PMID: 21752945; PubMed Central PMCID:
PMCPMC3165239.
6. Pavie J, Rachline A, Loze B, Niedbalski L, Delaugerre C, Laforgerie E, et al. Sensitivity of five rapid HIV
tests on oral fluid or finger-stick whole blood: a real-time comparison in a healthcare setting. PLoS One.
2010; 5(7):e11581. doi: 10.1371/journal.pone.0011581 PMID: 20657834; PubMed Central PMCID:
PMCPMC2906506.
7. Shanks L, Siddiqui MR, Kliescikova J, Pearce N, Ariti C, Muluneh L, et al. Evaluation of HIV testing
algorithms in Ethiopia: the role of the tie-breaker algorithm and weakly reacting test lines in contributing
to a high rate of false positive HIV diagnoses. BMC Infect Dis. 2015; 15:39. doi: 10.1186/s12879-015-
0769-3 PMID: 25645240; PubMed Central PMCID: PMCPMC4331460.
8. World Health Organization. March 2014 Supplement to the 2013 Consolidated guidelines on the use of
antiretroviral drugs for treating and preventing HIV infection: recommendations for a public health
approach. Geneva, Switzerland: WHO, 2014.
9. Choko AT, MacPherson P, Webb EL, Willey BA, Feasy H, Sambakunsi R, et al. Uptake, Accuracy,
Safety, and Linkage into Care over Two Years of Promoting Annual Self-Testing for HIV in Blantyre,
Malawi: A Community-Based Prospective Study. PLoS Med. 2015; 12(9):e1001873. doi: 10.1371/
journal.pmed.1001873 PMID: 26348035; PubMed Central PMCID: PMCPMC4562710.
10. Strategic Evaluation ADCS. Analysis of POCT/VCT performed at South African primary health care
clinics. South Africa. Available: http://www.sead.co.za/downloads/POCT-clinics-2011.pdf, 2010.
11. Learmonth KM, McPhee DA, Jardine DK, Walker SK, Aye TT, Dax EM. Assessing proficiency of inter-
pretation of rapid human immunodeficiency virus assays in nonlaboratory settings: ensuring quality of
testing. J Clin Microbiol. 2008; 46(5):1692–7. doi: 10.1128/JCM.01761-07 PMID: 18353938; PubMed
Central PMCID: PMCPMC2395071.
12. Mao A, Obi-Gwacham C, Hill T, Ryan C, Hendricks A, McKellar M. Acute Dengue fever causes false-
positive reactivity in OraQuick rapid HIV-1/2 antibody test. J Acquir Immune Defic Syndr. 2010; 55
(5):641. doi: 10.1097/QAI.0b013e3181f5b291 PMID: 21931283.
13. Pascoe SJ, Langhaug LF, Mudzori J, Burke E, Hayes R, Cowan FM. Field evaluation of diagnostic
accuracy of an oral fluid rapid test for HIV, tested at point-of-service sites in rural Zimbabwe. AIDS
Patient Care STDS. 2009; 23(7):571–6. doi: 10.1089/apc.2008.0225 PMID: 19530953; PubMed Cen-
tral PMCID: PMCPMC2856437.
14. Jaspard M, Le Moal G, Saberan-Roncato M, Plainchamp D, Langlois A, Camps P, et al. Finger-stick
whole blood HIV-1/-2 home-use tests are more sensitive than oral fluid-based in-home HIV tests. PLoS
Extended Quality Assurance of HIV Rapid Diagnostic Tests
PLOS ONE | DOI:10.1371/journal.pone.0158107 June 23, 2016 7 / 8
One. 2014; 9(6):e101148. Epub 2014/06/28. doi: 10.1371/journal.pone.0101148 PONE-D-14-06017
[pii]. PMID: 24971842; PubMed Central PMCID: PMC4074152.
15. Kshatriya R, Cachafeiro AA, Kerr RJ, Nelson JA, Fiscus SA. Comparison of two rapid human immuno-
deficiency virus (HIV) assays, Determine HIV-1/2 and OraQuick Advance Rapid HIV-1/2, for detection
of recent HIV seroconversion. J Clin Microbiol. 2008; 46(10):3482–3. doi: 10.1128/JCM.00665-08
PMID: 18685013; PubMed Central PMCID: PMCPMC2566129.
16. Johnson C, Fonner V, Sands A, Tsui S, Ford N, Wong V, et al. ANNEX 14. A report on the misdiagnosis
of HIV status. Switzerland: World Health Organization, 2015.
Extended Quality Assurance of HIV Rapid Diagnostic Tests
PLOS ONE | DOI:10.1371/journal.pone.0158107 June 23, 2016 8 / 8
